Background. This study was designed to estimate the incidence and describe the characteristics of injuries during a one-year period in the French island of Réunion, Indian Ocean, a defined geographic population with socioeconomic problems. Methods. Cases were injuries from accidents (unintentional injuries), self-inflicted injuries (suicides and attempted suicides), or injuries purposely inflicted by other people, that resulted in hospital admission or death. Patients and injury characteristics were recorded prospectively, alternately every other week, in all emergency rooms on the island; all death certificates were studied. Results. The overall annual incidence of injuries was 1578 per 100 000 residents. The three main causes of injury were (i) falls on the same level (23.6%), (ii) poisoning (23.0%) and (iii) traffic accidents (21.5%). Of the traffic accident cases, 44% were motorcyclists (mostly mopeds) and more than half of the cases were 15-25 years old. Suicides and attempted suicides accounted for 80.9% of poisonings, 35.5% of immediately fatal injuries, and 19.6% of non-fatal injuries. Homicides and assaults accounted for 8.3% of all injuries. The employment rate was lower for injured patients than in the total Réunion population (standardized ratio for males: 74; P Ͻ 0.001). Half of the injured hospitalized patients had an Injury Severity Score Ͻ5 and 8 days after hospitalization, 83.5% of patients had returned home. Conclusion. Injury epidemiology may be affected by different demographic, socioeconomic, cultural and geographical factors. Targeted studies are therefore necessary to guide injury prevention measures.
a need for data on injury types and patients at risk, to better target countermeasures. Injury-related mortality has been extensively studied, [2] [3] [4] [5] [6] but studies of morbidity have focused on selected populations, e.g. head injuries, 7, 8 children, 9, 10 motor-vehicle injuries, 11, 12 and firearm injuries. 13 Very few studies have described injury-related morbidity in a general population, [14] [15] [16] [17] and always in the economic context of developed countries.
The objective of this prospective study was to estimate injury-related morbidity and mortality in a different socioeconomic context. Réunion is a French 'départe-ment' in the Indian Ocean, and is much less developed than mainland France. It is characterized by a high unemployment rate (more than 35% of the active population), a birth rate similar to developing countries (21 per 1000), a lower educational level (60% of the population have no educational qualifications, c.f. 26% in mainland France), a lower mean income per inhabitant (57% of the mean income in mainland France) and ethnic disparity with respect to socioeconomic status. 18 However, the health organization and ability to carrry epidemiological studies are the same as in other parts of France.
This report presents population-based rates of injuries leading to death at the scene or admission to hospital for one year. The data were analysed by age, sex and mechanism of injury and compared with results of similar population-based studies in other countries.
METHODS
Réunion is an island of 2507 km 2 , with a central volcanic mountainous massif, surrounded by a coastal belt where most people live. In 1994, the population was estimated to be 642 400. The main city is Saint Denis (100 000 inhabitants). Twenty-two per cent of the population live in nine towns (10 000-25 000 inhabitants), 47% in villages (2000-10 000 inhabitants) and 14% live in rural areas.
Case Definition
Injuries were recorded if they occurred in Réunion, and resulted directly in hospital admission or death. The study was conducted over a one-year period, from 1 July 1993 to 30 June 1994 .
Cases recorded were all injuries related to accidents (unintentional injuries), intentional self-inflicted injuries (suicides and attempted suicides), and injuries purposely inflicted by other people. Injuries resulting from surgical and medical complications, chronic intoxications, and side-effects of prescribed drugs were excluded. Patients who were transferred from one hospital to another were included only in the first hospital.
Data Collection
All injuries resulting in death during the study period were recorded from death certificates. Data were collected on a data collection form which recorded demographic data about the patient, and the time, place, origin and external causes of injuries, as noted by the physician who completed the death certificate. We noted if the patient died at the scene (immediate deaths) or was treated in hospital. Because postmortem examinations were not the rule, anatomical locations of injuries were not available for subjects who died before reaching a hospital. Data were completed and corrected, when needed, from hospital medical records (for deaths in hospital) and from autopsy records (only mandated in case of homicide or unknown cause of death).
Data on injuries resulting in hospital admission were collected prospectively in the four public hospitals and the three private institutions involved in the management of injuries. All hospitals concerned with emergency management agreed to participate. Hospitals were divided into two groups, comparable in type, size and geographical situation. Each group was investigated alternately, every other week. This provided a 50% sample, representative of all injured patients hospitalized on the island during a year.
Patients were considered eligible and included by emergency room physicians when hospitalization was the outcome. Demographic data on the patient, and time, place, origin and circumstances of the injury were collected on a data collection form completed by the medical staff of each emergency room during the first day of hospitalization. Anatomical injuries sustained by the patient were also coded on this data collection form, based on a listing of more than 200 items, derived from the Abbreviated Injury Scale (AIS) Dictionary (1990 revision). 19 A similar listing of injuries was used in 1986, in a similar study carried out in Aquitaine, in mainland France. 16 The AIS is a classification of injuries, by type, body region and severity, which provides a standard terminology and ranks injuries according to severity: 1) minor, 2) moderate, 3) serious, 4) severe, 5) critical, 6) nearly always fatal. The AIS severity was automatically assigned to each injury when data were captured. The maximum AIS code in each body region was used to compute the Injury Severity Score (ISS), a global assessment of injury severity. 20 The ISS is the sum of the squares of the highest AIS scores in three of six different groupings of body regions (head and neck, face, thorax, abdominal or pelvic contents, extremities or pelvic girdle, external). The status of the patient (returned home, still hospitalized, or deceased) was assessed 7 days after admission.
During the study period, one physician verified, in all hospitals, data collection forms for completeness and inconsistencies e.g. children coded as retired, abdominal injury after drowning, and death in hospital in mildly injured patients. The completeness of the sample was checked from the lists of admissions of each emergency room. Data capture was done twice to minimize errors. We also checked a posteriori data consistency and completeness. All incomplete or doubtful collection forms were verified by emergency room staff and corrected.
Analysis
Data reported concern only Réunion residents who were injured on the island. The number of residents who were hospitalized during one year in Réunion was estimated by doubling the observed numbers. No attempt was made to adjust for residents injured outside the island. The number of people injured during a year was estimated by adding subjects who died before they reached a hospital (exhaustive collection) and hospitalized subjects (sample estimate multiplied by 2).
The immediate case-fatality ratio was calculated by dividing the number of subjects who died before they reached a hospital by the estimated number of people injured during the year. To allow international comparisons, suicide rates were calculated by taking into account all deaths related to intentional self-inflicted injuries, even when death occurred after hospitalization. The denominators of population-based mortality and injury rates were based on data derived from the 1990 census. 21 Rates are reported with their 95% confidence intervals (95% CI). 22 Statistical comparisons of employment status were made by computing standardized ratios (SR), which are ratios of observed to expected number of those employed. 22 The expected number of employed people in injured patients aged 20-64 years were obtained by indirect standardization, i.e. by multiplying the number of injured patients in each class of sex and age, by the sex-and age-specific proportions of employment in the general population, as given by the 1990 census.
Comparison between expected and observed numbers was made by a χ 2 test.
RESULTS
During the study period, 5279 data collection forms were completed. Exclusion of patients who were not residents or who were counted twice because of a transfer left 4939 hospital admissions of residents in the sample. During the same period, 393 residents died on the island, including 256 who died before they reached a hospital. The estimated annual number of injuries was 10 134, an annual incidence rate of 1578 per 100 000 inhabitants (95% CI : 1568-1587). The mortality rate was 61 per 100 000 (95% CI : 59-63), overall, and 40 per 100 000 (95% CI : 38-41) before hospitalization. The overall incidence rate was higher in males (2088 per 100 000; 95% CI : 2037-2137) than in females (1082 per 100 000; 95% CI : 1046-1117). The male-tofemale ratio was 1.9 for hospitalization and 3.6 for immediate deaths; this was reversed after 74 years of age (Table 1) . Age-specific incidence of injuries were the highest at ages 15-24 years for males and above 74 years of age for females. The rates decreased gradually between these two peaks. Deaths before hospitalization occurred in 2.5% of patients; the case-fatality ratio was the highest between 25 and 74 years of age. Injured people aged 20-64 years were less likely to be employed than the general population: the proportion of employment was 40.9% in males (expected 55.2%; SR = 73.8; P Ͻ 0.001), and 27.8% in females (expected 33.3%; SR = 83.5; P Ͻ 0.001).
Falls on the same level (23.6% of cases) and poisoning (23.0%) were the most frequent causes of injury (Table 2) . Traffic accidents, the third most important cause (21.5%), were responsible for the highest mortality rate. Drowning (0.5% of all cases) and hanging (0.4%) were rare but their immediate case-fatality ratio was very high (more than 50% of subjects died before hospitalization). Injury incidences were two to four times higher in males for all circumstances, except for poisoning. The most frequent traffic accidents involved two-wheeled motorized vehicles (43.9%), mostly mopeds; more than half of these occurred in 15-25 year olds. The overall annual incidence for two-wheeled motorized vehicles (146 per 100 000 population) was twice that of cars (87 per 100 000 population). The immediate case-fatality ratio was higher in car passengers (5.5%) and in pedestrians (5.7%) than in motorcyclists (1.5%). Self-inflicted injuries accounted for 35.5% of immediate fatal and 19.6% of non-fatal injuries, for an overall annual incidence of 315 per 100 000 (95% CI : 311-320). They accounted for 80.9% of poisonings and 81.6% of hangings or strangulations. The most frequent attempted suicides were by poisoning (95.1%). Most attempted suicides were in women (66.0%), with hospitalization for an attempted suicide representing 35.9% of all hospitalizations in females. Most suicides resulting in immediate death were in males (83.5%); most suicides in the latter were due to poisoning (51.6%) or hanging (23.1%).
Homicides and assaults accounted for 8.3% of all those injured, yielding an annual incidence rate of 131 per 100 000 (CI : 128-134) and an annual mortality rate of 5.1 per 100 000. The sex ratio was 3 for hospitalization and 1 for subjects who died before they reached a hospital. The most frequent cause was being struck by an object (55.6% of all homicides and assaults), and cutting or piercing (22.3%). Firearms were used in only 5.5% of hospitalizations and 15.2% of deaths.
The highest incidences were observed for falls in the oldest patients, for traffic accidents in young adults, and for burns in young children (Table 3 ). The highest incidence of attempted suicide was observed in 15-24 year olds and the highest incidence of suicide in 25-34 year olds. The proportion of employment in 20-64 year olds who were included because of a suicide or an attempted suicide was 33.1% in males (expected 55.2%; SR = 59.1; P Ͻ 0.001), and 28.6% in females (expected rate 33.3%; SR = 82.0; P Ͻ 0.01).
Half of the injured hospitalized patients had an ISS Ͻ5 and only 1.7% an ISS Ͼ19 (Table 4 ). Injuries to the extremities were observed in half, and head injuries in a quarter of the patients (Figure 1 ). There were 109 severe or critical injuries in the sample (AIS 4 or AIS 5). The body regions most often affected by the most severe injuries were the head (35.3%), thorax (11.9%), and abdomen (17.4%).
Most patients returned home, but 8 days after hospitalization 1.0% of patients had died. Burns led to the highest case-fatality ratio in hospitalized patients (3.1%), followed by traffic accidents (1.6%) ( Table 5) .
TABLE 2 One-year incidence of injuries (/100 000), by sex and by intention, and one-year mortality (/100 000) and case-fatality ratio (%), according to causes of injury, Réunion, Indian Ocean, 1993-1994

Circumstances
Injuries a Including injuries of unknown origin (represented 0.5% of all injuries). b Case-fatality ratio = (number of deaths before hospitalization/estimated total number of injuries) × 100.
DISCUSSION
Methodological Aspects
The injury rates presented here concerned severe cases resulting in hospital admission or death. Instead of using problematic hospital discharge diagnoses, 23 data were especially collected for this study with a specific data collection form. The external causes, mechanisms and anatomical consequences of injuries could thus be detailed.
All epidemiological studies are expected to underestimate rates because of underreporting. However, underestimation is thought to be low in this study. Concerning hospitalization rates, Réunion is a closed community and all emergency rooms agreed to participate. All medical staff were informed about the study during ad hoc sessions, and the completeness of data collection was continuously checked by an epidemiologist. Thus, it is probable that most patients who were injured on the island and sent immediately to an emergency room were included. In some parts of Réunion, access to hospital is difficult because of the Ocean, 1993 Ocean, -1994 terrain, but ambulance systems are well organized and these difficulties should not have affected severe injuries. Patients may have been missed if they were admitted directly into a hospital ward. In Rhode Island, direct admissions represented 28.0% of injury admissions. 23 This rate seems very high and does not correspond to what happens in the French health-care system.
FIGURE 1 Distribution of the Abbreviated Injury Scale (AIS), by body region (% of patient admissions for injury), Réunion, Indian
Because death certificates were used, biases are possible in estimating the total number of deaths or describing their characteristics. When a death was due to a complication, the initial injury may not have been mentioned, and because the hospital survey was stopped at the eighth day, these cases could have been missed. This would be particularly true for fall-related injuries, especially in the elderly. Suicides may also be underestimated. First, any intention behind a fall or a poisoning leading to an immediate death may be unknown. Also, the taboo around suicides may preclude reporting, even when the intention of the subject was known. Homicides and assaults may have been declared as an 'unspecified' until the opinion of the legal authorities was known. In these instances, our data collection form could be corrected since the list of legal autopsies was checked afterwards. Finally, some cases were missed when people were injured abroad, in other countries of the Indian Ocean or in mainland France.
Age-adjusted employment rates from the 1990 census in Réunion were used as reference. The employment rates increased from 1990 to 1993. Thus, the difference between the expected and observed number of employed injured patients is certainly underestimated.
Findings
The overall incidence of injuries (1578 per 100 000 inhabitants) was slightly higher than in Aquitaine in 1986 (1359 per 100 000 inhabitants) where the methods were the same. 16 Incidence of hospital admissions were also higher than in the Northern Ohio study (970 per 100 000 inhabitants 15 ), and in Norway (1026 per 100 000 inhabitants 17 ) . Incidence rates in children were also higher in Réunion than in American studies. 9, 10 The number of injuries requiring hospital admissions might actually have been higher in Réunion, or injured patients may have been hospitalized for less severe injuries. In fact, half of the hospitalized trauma patients had an ISS Ͻ5, and the mortality rate in hospitalized patients was low. Some patients live in remote places and were admitted because medical surveillance would have been difficult otherwise. The decision of a physician to admit a patient can be influenced by environmental factors, as has been previously shown for children. 24 Mortality rates before hospitalization were 46 per 100 000 inhabitants in Aquitaine 1986, and 40 per 100 000 in Réunion. Thus, injuries leading to death before hospitalization were similar in both studies. As in other studies, total injury rates were highest in the 15-24 year old group, but in Réunion there was a slight decrease in incidence between 25 and 74 years of age. In other studies on hospitalization data 16 or emergency visits, 15 the decrease is sharper in these age groups. Incidence of falls in patients aged Ͼ74 years was comparable in Réunion and in Aquitaine, with rates over 1000 per 100 000 population, a figure similar to that observed by Sattin in Miami. 25 In Réunion, poisoning was the second most important cause of injury, the majority being attempted or successful suicides. The suicide rate of 19 per 100 000 in Réunion is comparable to the rate in mainland France (22 in 1988 and 20 in 1990) . 26 Suicide rates in Europe varied in 1988 from 7 to 28 per 100 000 and the French rate was in the highest quartile. However, age and sex distributions were quite different from those of other European countries. In other studies, there was a correlation between suicide and age, elderly men having the highest rates. 27 In our study, suicide rates were highest in 15-54 year old men and there was a fall in incidence thereafter. As previously described, attempted suicides were more frequent in women than in men. Socioeconomic conditions, which are unfavourable for young men, may play a part in this psychological malaise, while old people's lives are less changed. Also, it can be assumed that, as in other countries, attempted suicides did not always lead to a medical contact. The true incidence might be even higher, making selfinflicted injury a major public health problem in Réunion. Traffic accidents were the third leading cause of hospitalization for injuries. Overall the annual incidence was similar to that in the 1986 Aquitaine study (363 per 100 000). In other population-based studies, incidences were lower (103 in Rhode Island 11 and 128 in Spain 12 ). However, mortality rates per 100 000 population were similar (17.4 in Réunion, 16.2 in Spain and 16.5 in Aquitaine). Two-wheeled motorized vehicles were the most frequent source of traffic-related injury. The good weather conditions are certainly part of the explanation, as was observed in Spain. Also, mopeds are cheaper than cars and only 51% of families own a car compared to 75% in mainland France. Nevertheless, injuries were less severe for moped riders than for pedestrians or car passengers. In other studies 11,12 the case-fatality ratio for motocyclists was three to four times higher and pedestrian injuries were even more severe (case-fatality ratio around 15%).
Intentional injuries led to an overall mortality rate of 5.1 per 100 000 population. This is lower than the rate reported by Rockett et al. in the US in 1980. 4 However, rates reported in the same paper for other countries were less than 2 (1.2 in France). Injuries related to interpersonal violence leading to hospitalization represented 8.3% of all admissions compared with 2.7% in Aquitaine in 1986. Low income geographical areas have higher intentional injury rates than other areas. 28 Furthermore, alcohol consumption is very high in Réunion and this might play a role in the high rate of violence-related injuries.
A study of three different socioeconomic groups in the US has already demonstrated that socioeconomic factors account for differences in head injury epidemiology. 29 The direct link between socioeconomic problems and injury cannot be demonstrated in our study. Unemployment has an impact on psychological disorders at all levels of income. 30 This distress may lead people to high-risk behaviours, such as alcohol abuse. An increase in young men's suicide rates was observed in Western countries during 1974 to 1988. During this period, the increase in unemployment was positively correlated with the rise in suicide rates. 31 Injury epidemiology in Réunion appears particular, when compared with other regions: suicides have a specific distribution according to age, attempted suicides and other intentional injuries represent a large proportion of hospitalized patients and traffic accidents mostly involved two-wheeled vehicles. It can be concluded that injury epidemiology may be affected by different demographic, socioeconomic, cultural and geographical factors. Targeted studies are therefore necessary to guide injury prevention measures.
